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METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS
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ANALYSIS OF LIQUEFIED PETROLEUM GASES (LPG) AND PROPYLENE CONCENTRATES BY GAS CHROMATOGRAPHY ( First Reprint NOVEMBER 1998 ) UDC 662.767 : 543.544-25 Adapted with permission from the Joint Method ASTM D 2163-77/IP 264/72(79)

1. SCOPE
1.1 This method

covers the determination of the composition of liquefied petroleum gases ( LPG ). It is applicable to analysis of propane, propylene and butane in all concentration ranges 0.1 percent and above. 2. OUTLINE OF THE METHOD

2.1 Components in a sample of LP gas are physically separated by gas chromatography and compared to corresponding components separated under identical operating conditions from a reference standard mixture of known composition or from use of pure hydrocarbons. The chromatogram of the sample is interpreted by comparing peak heights or areas with those obtained on the reference standard mixture of pure hydrocarbons. 3. SIGNIFICANCE 3.1 The component distribution of liquefied petroleum gases and propylene concentrates is often required as a specification analysis for end-use sale of this material. Its wide use as chemical feedstocks or as fuel, require precise compositional data to ensure uniform quality of rhe desired reaction products.
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IS:l448[P:lll]-1983 3.2 The component distribution data of liquefied petroleum gases and propylene concentrates can be used to calculate physical properties such as specific gravity, vapour pressure, average molecular weight, calorific ( heating ) value, combustion requirements, and products of combustion. Precision and accuracy of compositional data are extremely important when these data are used to calculate various properties of these petroleum products. 4. DEFINITION 4.1 Propylene Concentrate - Concentrate propylene. 5. APPARATUS 5.1 Detector - The detector shall be a thermal conductivity or flame ionization type or its equivalent in sensitivity and stability. The system shall be capable of detecting O-1 percent concentration of any component of interest. For calculation techniques utilizing a recorder, the signal for the concentration shall be at least 5 chart divisions above the noise level on a 0 to 100 scale chart. Noise level shall be restricted to a maximum of 1 chart division. When electronic integration is employed the signal for 0.1 percent concentration shall be at least twice the noise level. 5.2 Recorder - A strip-chart recorder with a full-scale range of 10 mV or less shall be required. A maximum full-scale balance time of 2 s and a minimum chart speed of 10 mm/minute shall be required. 5.3 Attenuator - A multistep attenuator for the detector output signal shall be necessary to maintain maximum peaks within the recorder chart range. The attenuator system shall be accurate to 0.5 percent in any position. 5.4 Sample Inlet System -The sample volume shall be reproducible such that successive runs agree within 1 mm or 1 percent ( whichever is larger ) on each component peak height. 5.5 Temperature Control - The analyzer columns shall be maintained at a temperature constant to 0.3"C during the course of the sample and corresponding reference standard runs. 5.6 Carrier Gas - The instrument shall be equipped with suitable facilities to provide a flow of carrier gas through the analyzer column at a flow rate that is constant to 1.0 percent throughout the analysis. 2 containing more than 50 percent
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5.7 Columns - Any column may be used provided all component peaks for compounds present in concentration of more than 5 percent are resolved so that the ratio A/B shall not be less than 0.8. where A = B = depth of the valley on either side of peak B, and of the smaller of any two adjacent

height above the baseline peaks ( see Fig. 1 ).

FIG. I

ILLUSTRATION OF A/B

RATIO

5.7.1 For compounds present in concentrations of 5 percent or less, the peak ratio of A/B shall not be less than 0.4. In case the small-component is adjacent to a large one, it may be necessary to construct the baseline of the small peak tangent to the curve as shown in Fig. 2.

FIG. 2

ILLUSTRATION OF A/B

RATIO FOR SMALL~M~ONENT PEAK
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IS:l448[P:lll]-1983 7. PROCEDURE 7.1 Apparatus Preparation - Mount the column suitable for the analysis desired ( see Appendix A ) in the chromatograph and adjust the conditions to optimum for the column selected ( see Table 2 ). Allow sufficient time

for the instrument to reach equilibrium as indicated by a stable base line.
NOTE 1 - The method allows the user a wide latitude in choice of instrumentation to make the analysis, and most commercial instrumentation easily meets the requirements, defined in the method. However, only by strict adherance to the calibration procedures outlined in the method can reproducibility between instruments expect to be achieved.

is critical to continued satisfacNOTE 2- Proper maintenauce of instrumentation Clean sample containers, clean sample inlet tory performance of this analysis. systems and clean detectors are mandatory to achieve the precision and accuracy capabilities of this method.

TABLE
C`OLUMN

2

TYPICAL
COLUMN DIAMETER,

INSTRUMENT
SUBSTRATE MASS f'FRcF NT TEMPERATURE "C

CONDITIONS
FLOW RATE, CARRIER GAS DETECTOR

COLUMN LENGTH

ml/min

(1)
Silicone 200/500 Squalane Tetra isobutylene Dimcthylsulfolane Hexamethyl phosphoramide Di-n-butyl maleate

(2)
9 3 4

(3) 6.4 3.0 6.4 6.4 3.2 6.4 6.4

(4) 27 15 20 30 25 25 30

(5) 90 25 25 25 28 28 30

(6) 60 to 70 30 40 30 12 60 60

(7) helium nitrogen hydrogen helium do do do

(8) TCD FID TCD do do
d0

I5
6 4 9

Methoxy ethoxy ethyl ether

do

NOTE - Chromosorb P or equivalent helium, hydrogen may also be used.

solid support

may be used.

In place of

7.2 Preparation and Introduction of Sample - Attach the cylinder containing the gas mixture to the sampling valve of the chromatograph so that a liquid phase sample is withdrawn. Adjust the flow rate from the sample cylinder so that complete vaporization of the liquid occurs at the cylinder 5
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valve. ( An alternative technique is to trap a sample of only liquid phase in a short section of tubing, and then permit the entire sample to vaporize into an evacuated container ). Adjust the ratio of the two volumes so that a gauge pressure of 69 to 138 kPa is obtained in the final container. Then use this sample for the analysis. Flush the sample loop for 1 to 2 minutes at a flow rate of 5 to 10 ml/minute before introducing the sample into the carrier gas stream. 7.2.1 On propylene concentrates, the sample liquid by means of a liquid sample valve or by as above. On propylene concentrates having a than 80 percent, only the alternative technique liquid and vaporizing the entire sample into an be used. may be introduced as a vaporization of the liquid propylene content of less of trapping a sample of evacuated container shall

7.3 Preparation of the Chromatogram - Obtain duplicate chromatograms Adjust the attenuator at each peak for maximum peak of the sample. Peak heights of like components height within the recorder chart range. shall agree within 1 mm or 1 percent ( whichever is larger ). If a reference standard mixture is used for calibration, obtain duplicate chromatograms of the proper reference standard in a similar manner. Use the same sample size for all runs. 8. CALCULATION 8.1 Peak Height Method - Measure the peak height of each component and adjust this value to the attenuation of the same component in the reference standard mixture. Calculate the percentage by mole or liquid volume of each component as follows: Concentration, where P, = peak height of component PO= peak and height of component in the sample, in reference volume standard of mixture, in liquid volume or mole percent = ( P,/P, ) x S

S = percentage of mole or liquid reference standard mixture.

component

by multiplying 8.2 Area Method - Measure the area of each component the height of the peak by the width at half height. The width should be measured with the aid of a magnifying glass ( see Note ). Adjust the area to the attenuation of the same component in the reference standard mixture.
NOTE- The use of plaaimeters or integrators is permissible provided their repeatability has been established and the resulting repeatability does not adversely alTect the repeatability and reproducibility limits of the method given in 9.

6

IS:l448[P: 8.2.1 Calculate the percentage component as follows: Concentration, where A, = area of component in sample, by mole or liquid
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volume

of each

liquid volume or mole percent = ( A,/&, ) x S

A, = area of component in reference standard mixture, and S = percentage by mole or liquid volume reference standard mixture. of component in

NOTE - Sampling at the sample source and at the chromatograph shall always be done in a manner that ensures a representative sample is being analyzed. Lack of precision and accuracy in using this method can most often be attributed to improper samplmg procedures.

8.2.2 If pure components tion as follows:

are used for calibration, calculate the composimole percent = `4,/A,

Concentration, where

A, = area of component in sample, mm?, and A, = area sensitivity of compbnent, mm* per percent.

8.2.3 Total the results and normalize to 100 percent. 8.3 Normalization -Normalize the mole or liquid volume percent values obtained in 8.1 or 8.2 by multiplying each value by 100 and dividing by the sum of the original values. The sum of the original values should not differ from 100.0 percent by more than 2.0 percent. 9. PRECISION 9.1 The data in Table 3 and Fig. 3 shall be used for judging the acceptability of results ( 95 percent confidence ) on samples containing less than 50 percent propylene. The data in Table 4 shall be used for judging the acceptability of results on sampies containing more than 50 percent propylene. 9.1.1 Repeatability - Duplicate results by the same operator should be considered suspect if they differ by more than the amounts shown in Table 3 or Fig. 3, and Table 4.
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PRECISION CURVES

amounts

Reproducibility - The results submitted by be considered suspect if the two results shown in Table 3 or Fig. 3 and Table 4.
3

each of two laboratories differ by more than the

TABLE

PRECISION DATA FOR LPG CONTAINING THAN 50 PERCENT PROPYLENE
RFPEATABILITY

LESS

CONCENTRATION RANGr OF COMPONENTS, MOLE PERCERT (1)

RFPRODIJCIBILITY

(2) Use repeatability in Fig. 3 70 0.2 percent curve

(3) Use reproducibility in Fig. 3 1 percent present of curve

0 to 70
Above

amount

8
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TABLE 4 PRECISION DATA FOR PROPYLENE CONCENTRATES

( ckluses 9.1.1 and 9.1.2 ) COMPOUND ('1

CONCENTRATION
(2)

REPEATABILITY (3) -

REPRODUCIBILITY (4)

Ethane Propylene Propane Butanes

0.0 to 0.1 0.2 70 to 77 93 to 95 5 to 7 22 to 29 0.0 to 0.1 0.5 0.6

002 0.05 0.38 0.34 0.33 1.0 0.04 0.04 0.1 0.1 0.07

0.04 0.06 1.5 1.0 !9 0.08 0.2 0.3 0.5 0.2

I
Butenes NOTE 0.2

type detectors.

The above precision limits are applicable Precision limits for flame ionization

only for thermal conductivity type detectors will be evolved

later on.

APPENDIX ( Clause 7.1 )
PREPARATION A-l. PARTITION COLUMNS

A
OF COLUMNS

A-l.1 The following
found suitable

partition columns have been cooperatively tested for use with materials given in the scope of this method.

and

A-1.1.1 Silicone 200/500 Column - This column separates ethane, propane, n-butane, isobutane, n-pentane, and isopentane and is therefore suitable for analyzing LP gases free from unsaturated hydrocarbons. The preparation of this column is described in Appendix A-2, A-2.2.1.3 of Method ASTM D 1945. A-1.1.2 Hexamethylphosphoramide ( HMPA ) Column - This column separates ethane, propane, propylene, isobutane, n-butane, the butanes n-pentane, and isopentane, and accordingly is suitable for use with all types of LP gases. Prepare a 9 m column as described for a 6-m column in Appen&x A-2, A-i.2.1.1 of Method ASTM D 1945, except use 90 g of 35 to 80 mesh Chromosorb and 18 ml of hexamethylphosphoramide. 9
Reprography Unit, BIS, New Delhi, Indi;l

